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Introduction
Demographic aging is well established in developed countries and it has enjoyed an increasing growth in developing countries, such as Brazil. It is estimated that by 2025 Brazil will have the 6 th largest elderly population. This phenomenon inevitably leads to an increased prevalence of chronic degenerative diseases (1), prompting an increased demand for health services, with hospitalizations and the use of different kinds of high-cost interventions, being characterized as a public health problem (2) .
The aging process is associated to different physiological and morphological changes in the musculoskeletal system, being characterized as a decreased muscle performance noticed in an elderly person's physical/motor fitness and functional capacity. Due to the senescence process, changes in motor performance may increase the risk of falls among the elderly population (3) .
Falls are currently regarded as a major health problem in the elderly people. Around 1/4 of the population over 65 years has already experienced a situation involving fall and 60% of these individuals were exposed to a lesion in the musculoskeletal system (4) .
Among the most common causes of falls we highlight postural instability (5) . The senescence process leads to impairment of the postural control system, either static or dynamic. In fact, the systems responsible for maintaining postural control naturally begin to decline as the chronological age increases, decreasing our ability to keep posture within the safety limits, thus influencing on the balance of body structures and also on the risk of falls (6) .
The adaptations arising from the usual practice of physical activity contribute to the maintenance, improvement, and decrease in the functional decline caused by the senescence process, besides contributing to good postural control and decreasing the risk of falls among this population (7) . The close relationship between the usual practice of physical activity and health indicators among the elderly population leads to a continued incentive to promote this practice (8) .
Among the methods for assessing the usual practice of physical activity by an individual, the International Physical Activity Questionnaire (IPAQ), long version, constitutes a simple and practical instrument to address the physical activities practiced in the last week in the domains labor, transportation, leisure, and domestic activities (9) . However, little is known about the impact that the practice of physical activity by an elderly person has on her/his ability to keep postural control. Some studies show that elderly people participating in programs of usual physical activity have better balance when compared to sedentary elderly people (10, 12) . However, it would be interesting to identify what physical activity level could classify the elderly person as having a good postural control.
This study aimed to check the impact of usual physical activity on postural control among physically independent elderly people.
Methods

Subjects
We included individuals ≥ 60 years of age participating in a community physical activity program, who had no neuromuscular, vestibular, or visual pathologies, a recent fracture or the use of prosthesis at the lower ends and they volunteered to participate in this study. All elderly people were informed about the study objectives and the procedures adopted for data collection and, once aware of these, they signed a free and informed consent term form agreeing to participate. The study was approved by the Research Ethics Committee of Universidade Norte do Paraná, under the Protocol 0040/09.
Data collection
Usual practice of physical activity
For classifying the individuals with regard to the practice of physical activity, we used the IPAQ, long version (9) . This was applied as an interview, by an only previously trained evaluator, with no time limit for its completion. According to the instructions of the questionnaire itself, we calculated the individual scores by stratifying the elderly people into 5 groups: 1) sedentary (ST), those who have not met the minimum recommendation criteria; 2) active (AT), individuals who met the recommendation to practice vigorous physical activity ≥ 3 days per week with ≥ 20 minutes/session or frequency ≥ 5 days/week lasting ≥ 30 minutes/session of moderate physical activity or walking, as well as any other activity practiced at a frequency ≥ 5 days/week and length ≥ 150 minutes/week (moderate to vigorous walking); 3) very active (VA), those who met the recommendation to practice vigorous physical activity at a frequency ≥ 5 days/week and length ≥ 30 minutes/session, practice 3 days/week and length ≥ 20 minutes/session of moderate activity; frequency ≥ 5 days/week and length ≥ 30 minutes/session; 4) insufficiently active A (ISF-A), those who achieved at least one criteria of the recommendation, with frequency of 5 days/week of physical activity or duration of 150 minutes/week; and 5) insufficiently active B (ISF-B), those who did not meet any criteria of the recommendation.
Postural control (stabilometry)
For assessing postural control through stabilometry, we used the pressure platform Eclipse 3000 -Guy-Capron, S.A., France (1,600 sensors and 6,400 set points), calibrated to obtain the filtered signals and with a sampling frequency of 10 Hz. The platform data were subsequently analyzed using the software Podosat, version 5.0, for identifying postural control measures: total area of the pressure center (PC) and the average quadratic speed of PC displacement in the frontal and sagittal sections.
Prior to testing, the individuals remained seated at rest for 5 minutes and, then, they were allocated to a quiet room for familiarization with the pressure platform and the experimental protocol. Subsequently, the individuals were positioned standing on the platform (two-feet support), being barefoot, static, and relaxed, with arms along the body and the eyes open and aiming at a point located at the height of her/his eyes 1 meter and a half away. The protocol consisted in keeping this position for 60 s.
Risk of fall and functional mobility
For assessing the risk of fall and the functional mobility in elderly people, we used the time up and go (TUG) test (13) . Functional mobility was quantified with regard to the time (s) that the individual took to get up from a standardized chair, walk for 3 m and return to the sitting position.
The test began at the starting signal, simultaneously represented by the evaluator bending her/his left arm
Results
We evaluated 77 women, with a mean age of 64.7 ± 8.2 years. Data on the demographic variables of elderly women, subdivided into the 5 groups according to the usual practice of physical activity, are shown in Table 1 .
Regarding the prevalence of usual practice of physical activity, we observed that 55.8% of the elderly women met the recommendation to practice physical activity on a daily basis; 35.0% of them were classified as active and 20.8% as very active.
Among the very active elderly women, 81.2% were married and 62.5% reported having a good health status, while among the active ones 70.4% were married and 55.6% also regarded themselves as enjoying a good health status.
Overall, our findings indicated a significant impact (p < 0.05) of usual physical activity on postural control among the elderly women evaluated (Table 2) , thus showing that sedentary elderly women showed higher postural instability when compared to their physically active counterparts. The only stabilographic variable showing no statistically significant difference between the physical activity domains was the speed of PC displacement in the Y axis (p = 0.209).
On the other hand, the results for neuromotor tests of static and dynamic balance showed no significant differences between the groups analyzed (OST with OE and CE and TUG) ( Table 3 ).
Discussion
Our results showed a significant improvement in stabilometric parameters among elderly women with higher level of physical activity practice (active and very active), when compared to their less active counterparts. These results reaffirmed the importance of adequate levels of physical activity for keeping and improving the indicators responsible for the postural control system integrity.
Although the senescence process may be associated to decreased levels of usual practice of physical activity (16) , an increase in these levels is a way to prevent falls among elderly people. Sedentary lifestyle accentuates the decline in bodily functions, leading to muscle weakness, decreased flexibility, degeneration of synergies and programming mechanisms, and changes in motor control, thus facilitating postural instability and contributing to falls. In contrast, a and saying her/his verbal command, and it finished after the elderly person returned to the initial position, sitting with his back against the chair. Thus, the elderly people were classified as having: 1) good mobility, represented by the elderly people who started by themselves with no assistance or resource and completed the pathway in ≤ 10 s; 2) normal mobility, those who completed the pathway between 11 and 20 s; and 3) dependence for mobility, those taking > 20 s, who could not go out alone, and needed some resource for walking; these individuals were excluded from the study.
Balance with the one-foot standing test
The one-foot standing test (OST) was performed to evaluate the static balance status with one-foot support under two conditions, the first with open eyes (OE) and the second with closed eyes (CE). This test is generally used to quantify balance, although representing an indirect measurement test for healthy individuals (14) . During the test, the individual had to stand on the dominant limb with OE and subsequently with CE for, at most, 30 s. The time for which she/he managed to stay supported only on an only foot was measured at 3 attempts in each situation (OE and CE) and the best out of the three attempts was considered for determining her/his performance. Our study took into account the time between 21 and 30 s in order to classify the elderly person as having no change in balance, according to data proposed in the literature (15) .
Statistical analysis
Data analysis was performed by calculating the median and interquartile range. For checking data normality, we performed the Kolmogorof-Smirnoff test, and, since data distribution was not Gaussian, we resorted to non-parametric statistics by means of the KruskalWallis test, followed by post-hoc Dunn to compare the stabilographic variables from the evaluation on the strength platform and OST in the various groups classified by means of IPAQ. Fischer's exact test was used to compare TUG scores between groups. The significance level adopted for statistical tests was 5% (p < 0.05). All statistical analyzes were performed using the softwares Statistical Package for the Social Sciences (SPSS), version 17.0, and BioEstat, version 5.0.
to their health and functional capacity aspects, it also helps adhering to healthy habits and an active lifestyle. The literature claims that a large part of the deleterious effects attributed to aging is due, in fact, to sedentary lifestyle, which favors the low activation of physiological functions, causing immobility and disuse, instead of advancing years or the emergence of chronic diseases prevailing in this age group (18) .
In this study, the elderly people with lower levels of usual practice of physical activity showed greater high level of physical activity practice is an effective strategy to prevent falls, considering the neuromuscular adaptations and motor control generated by this practice (17) .
The sedentary lifestyle which tends to accompany the senescence process constitutes a strong risk factor for chronic degenerative diseases (17) . Adopting a usual practice of physical exercise not only contributes to fight sedentary lifestyle, in order to keep the physical fitness components at satisfactory levels with regard people, as well as decreased proprioception, will act as an additional risk factor to fall, since the response of these individuals will take longer time, which, occasionally, may be insufficient to keep balance. Deterioration of the sensory system affects postural stability and, thus, there is a decrease in the ability to recover from loss of balance (20) (21) (22) (23) (24) . The better performance, in this study, among elderly people with higher levels of physical activity practice obtained in stabilometric and functional tests may be partly attributed to the benefits arising from the morphological and neuromuscular adaptations of physical training, responsible for a less pronounced decline in these motor skills. The literature has shown that physical exercise has a positive effect on brain and cognitive health, bringing benefits with regard to neural functioning, increased neuronal metabolism, improved cognition and brain structures and functions, balance, muscle strength, and functional capacity (25) . oscillation in stabilometric variables, mainly regarding oscillation amplitude and PC speed in the X axis (mediolateral), as well as in the PC displacement area and the PC average quadratic speed. This poorly evidenced fact, although already reported in the literature (19) , that the speed of PC displacement significantly increases in individuals ≥ 60 years of age and the PC total oscillation area has significantly increased values for people ≥ 80 years, regardless of the physical activity level.
The decreased balance among elderly individuals may be explained through several mechanisms culminating in the reduction of vestibular, sensory, and neuromuscular function, as well as in a progressive loss of nerve cells, brain atrophy, and cell death, especially in the cerebellum cortex, hippocampus, substantia nigra, hypothalamic nuclei, dendritic changes, changes in motor units, and decreased muscle strength, explosive power, and muscle endurance. Changes observed in the sensory system of elderly Regarding the functional tests, TUG and OST, we did not find significant differences between elderly people with different levels of usual practice of physical activity. Although our results do not corroborate those found on the platform, retrospective studies show that the locomotion speed among elderly people may be an accurate parameter for identifying those at risk of falls (26) .
Therefore, the time spent to perform the TUG test, for instance, is directly associated to the functional mobility level and, perhaps, to the risk of falls. Decreased time to complete the test indicates independent elderly people with regard to mobility, but, on the other hand, times greater than 20 s tend to identify more dependent elderly people with regard to daily tasks and the risk of falls (27) .
Failure to obtain significant results among the groups with regard to TUG may be related to the categorization of results. The literature shows different scores for classifying the elderly people with regard to their mobility. A study suggested a cutoff value ≥ 20 s (28), another one recommended a cutoff value of 14 s for independent elderly people (29) , and a cutoff value of 10 s has also been proposed (30).
In short, although this study was not able to identify which domain of physical activity would lead to a significant impact on the stabilographic parameters and neuromotor tests, it brought as a contribution the importance of adequate levels of usual practice of physical activity for a good body stability, with a consequent lower risk to falls.
We point out the importance of further studies able to reduce the bias inherent to the fact that all individuals evaluated here were women; it is important to gather probability samples more balanced with regard to the representation of both sexes and the stratification mode of the physical activity level, which may be measured more accurately by means of instruments with greater validity, reliability, practicality, and non-reactivity.
Conclusion
According to the study results, it was shown that the level of physical activity practice among elderly women improves the body stability quantified by stabilometry, a fact not shown in the neuromotor tests, which did not detect statistically significant differences between the levels of physical activity practice and the scores of OST with open and closed eyes.
